The job of policing covers a wide range of activities including, traditional crime detection and punishment, and the non-traditional aspects such as community meetings. However, the major focus of policing is on crime detection and prevention.
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I.

Introduction
Since Becker's (1968) seminal paper on the deterrence/prevention hypothesis of crime, economists have considered how governments can reduce the incidence of criminal activities in cities, districts and towns. This analysis initially focused on a set of policy objectives based on the economic-sociological theories of criminal behaviour, but has now recently been refocused on the increasing costs of crime and policing. For example, in the US, the cost of crime to victims has been estimated at over $200 billion per year (Miller et al (1993) ) and in the UK at £60 billion ($90 billion) per year for victims and in the running the criminal justice system (Home Office (2000)). With respect to policing, over the last ten years US expenditure on policing has increased from over $36 billion to $65 billion in 2001 (Bureau of Justice Statistics) and English and Welsh police force expenditure has increased from £6 billion ($9 billion) to over £9 billion ($13.5 billion) in 2001 (Home Office Statistics).
In the UK, however, the increase in police funding has not led to a proportionate decrease in national crime rates. This contrasts with the US which has seen considerable decreases in crimes committed (reported) in recent years. The FBI 'Crime Index Total', for example, decreased from 13,989,543 in 1994 to 11,605,751 in 2000, whereas total crime recorded in the UK increased from 5,100,241 to 5,252,980 during the same period (Home Office Criminal Statistics). Hence, this failure to reduce crime despite extra funding has been linked to the new efficiency drive instigated by the UK Government. Furthermore, as the crime rate appeared to rise with the economic cycle, contrary to many economic theories, commentators began to question the effectiveness of the English and Welsh police forces. Stephens (1994) , for example, has identified the growing cost of, and increasing levels of crime, coupled with the declining public standing of the police force (associated with, miscarriages of justice such as the Guildford Four and the Birmingham Six, and the miners' strike in 1984/85,) as a major impetus in the re-evaluation of police functions.
These factors led to an inspection and review of English and Welsh police forces, firstly under the 1979 Thatcher Conservative government. Since being elected in 1997, however, the new Labour government has carried on this agenda of promoting efficiency in the police force (see the Home Office Inspectorate of Constabulary (HMIC) (1998) report "What Price Policing"). The report reiterated the previous Conservative government's efficiency drive in the police service with the HMIC arguing that, "police managers need to work harder to ensure that Value For Money (VFM) is achieved, for competitive pressure has to be created internally. The costing of activity with subsequent measurement and comparison of performance provide the means by which such encouragement is given" (para. 10). Finally, in the analysis of police efficiency and its measurement the UK Government recently commissioned a report "Improving Police Performance" by the Public Services Productivity Panel (PSPP) (2000) 1 . The PSPP Report stated that "efficiency is a measure of the police's performance in meeting their overarching aims and objectives for the money spent." (page 4) and argued that the nonparametric Data Envelopment Analysis (DEA) and the parametric Stochastic Frontier Analysis (SFA) be utilised to estimate a ranking of best to worst police forces (for an example see Drake and Simper (2001) ).
The desire to measure the efficiency of public services and especially police forces, is just not related to the UK experience. Many national governments have set up agencies, departments and institutes, and enacted legislation in order to consider how policing performance can be assessed and to enable benchmarking. Forerunners to the current changes in assessing public service efficiency in the UK can be seen, inter alia, in the US Government Performance and Results Act 1993 and changes in policing in Australia and Canada. In the former case, the New York Police Department has been studied extensively in terms of their ability to reduce the level of crime, due to their successful introduction of CompStat. This was hailed as a system that "at the core of it is the principle of accountability. Holding the people who run the precincts accountable for achieving what the public wants them to do, which is reduce crime." (page. 9, Mayor Rudolph Giuliani quoted in O'Connell (2001) ). In addition, the policing function has come under scrutiny in Australia, where policing has moved to an outputs objective budgeting approach in order to enable performance reviews (SCRCSSP (2000)). Finally, The Royal Canadian Mounted Police (RCMP) aim for "continuing efforts to develop sound performance indicators as part of government-wide efforts to demonstrate value for money and accountability." Page.
(RCMP Report 2000).
Hence, the need to assess the policing function has been deemed an important aspect of determining the allocation of scarce resources in government budgets around the world (for a review of UK policing see Drake and Simper (2002) ). There are however, difficulties in modelling the policing function, especially as some activities are not measurable, for example, walking the beat. This has led economists to posit two methodologies, the cost and the production approach. The former relates inputs/costs to possible outputs/outcomes (such as crime clear up rates): see early cost function estimation of US policing by Darrough and Heineke (1979) , GyimahBrempong (1987) and more recently Nyhan and Martin (1999) ; and for the UK, Cameron (1989) , Simper (2000 and 2001) . The latter methodology relates the number of crimes committed to the effectiveness of forces in clearing up those crime: see Thanassoulis (1995) for a UK example, Sun (2002) for a Taiwanese example, and finally Diez-Ticio and Mancebon (2002) for an example of the production approach utilised to assess the efficiency of Spanish policing.
This paper utilises a 'pure' production methodology in which we aim to rank Basic Command Units on their ability to clear up various acts of crime, and hence to deter future criminal activity. The innovation to the literature is that we utilise a sample of Basic Command Units (BCUs), or precincts, from English police forces, and to the authors knowledge this is the first such work on UK policing. In addition, we estimate and compare two techniques, the nonparametric Data Envelopment Analysis (DEA), and the little used parametric Stochastic Output Distance Frontier (SODF). The paper is structured as follows. In Section II we discuss the methodology associated with modelling policing and present the nonparametric and parametric models utilised to estimate efficiency. The data and variables utilised are presented in Section III; Section IV discusses the results; and we conclude with Section 5.
II. Estimation Models and Data
II.i. Parametric Efficiency Analysis
Given that the aim of policing is to maximise the clear up rates of crime at Basic Command Unit (BCU) level, we can write each BCU's direct production function as
where y is a vector of outputs and x is a vector of inputs. In the literature, it is then usual to specify a production and/or cost function with a stochastic error appended to the function. However, the stochastic production frontier approach has the disadvantage that, as output is the dependent variable, only a single output production process can be modelled. This is clearly not appropriate in policing as police forces deliver a range of services or outcomes. Furthermore, it would be very difficult to construct an appropriate composite output (outcome) measure.
The usual solution to this problem in empirical applications is to make use of the duality between cost and production functions and to specify and estimate a stochastic cost frontier. This permits the modelling of a multi-input, multi-output production process. A particular drawback in utilising a cost function specification to model public sector services such as policing, however, is that this requires data on total costs, outputs and input prices. While the latter are generally available for some inputs such as labour (staff), they are typically not available for capital inputs as this requires data on both capital expenditure and the units of capital utilised (see Drake and Simper (2000) ). A further potential drawback of the stochastic cost frontier approach is that any non-random deviations above the cost frontier will be associated with both allocative and technical inefficiency. In contrast, the relative efficiency measures derived from the non-parametric methodologies such as DEA typically relate only to technical efficiency. Hence, the relative efficiency measures derived from parametric and non-parametric approaches are often not directly comparable.
II.ii. Stochastic Output Distance Frontier (SODF).
A potential solution to these problems, but one that has not been widely used empirically, it to employ a parametric approach, but to specify and estimate a stochastic distance frontier rather than a stochastic cost or production frontier. The distance function specification has the advantages of permitting the modelling of a multi-input, multi-output production process, and being a function only of outputs and inputs. Hence, the distance function does not require data on input prices.
Furthermore, as it is a function of outputs and inputs, the stochastic distance frontier produces a relative efficiency measure that is directly comparable to the measure of technical efficiency produced by DEA, which is a non-parametric distance function technique. For an introduction to the distance function concept see Cornes (1992) , and for an empirical application see Coelli and Perlman (1999) . The output distance function estimated can be written as follows, where y is output and x are inputs,
The output oriented distance function can be interpreted as the greatest radial expansion of the output vector, with the input vector held fixed. The distance function will take a value which is less than or equal to one hundred, whereby if it less than one hundred a radial expansion of A convenient method of imposing homogeneity upon the Translog distance function is to follow Lovell et al (1994) and observe that homogeneity implies that:
Hence, if we arbitrarily choose the k th output, and set k y 1 = ω then, using TL( . ) to represent the Translog function, we can express the output distance function as:
It follows that we can re-write this Translog distance function as:
Hence, if we append a symmetric error term, i υ to account for statistical noise, and rewrite as
µ , we can obtain the stochastic output distance function, with the usual composite error term,
We make the standard assumptions that the i ν are normally distributed random variables while the i µ are assumed to have a truncated normal distribution.
As is usual in the stochastic frontier approach, the predicted value of the output distance function for the i th firm, 
II.iii. Data Envelopment Analysis (DEA)
The non-parametric efficiency approach was originally developed by Farrell (1957) and later elaborated by Banker, Charnes and Cooper (1984) and Fare, Grosskopf and Lovell (1985) . The constructed relative efficiency frontiers are non-statistical or nonparametric in the sense that they are constructed through the envelopment of the decision making units (DMUs) with the "best practice" DMUs forming the nonparametric frontier. This non-parametric technique was referred to as Data Envelopment Analysis (DEA) by Charnes, Cooper and Rhodes (1978) .
A particular advantage of non-parametric techniques such as DEA, relative to statistical or parametric techniques such as stochastic frontier analysis (see Drake and Weyman-Jones (1996) and Ferrier and Lovell (1990) ), is that the latter must assume a particular functional form which characterises the relevant economic production function, cost function, or distance function. Hence, any resultant efficiency scores will be partially dependent on how accurately the chosen functional form represents the true production relationship (i.e., the relationship between inputs/resources and outputs). As DEA is non-parametric and envelops the input/output data of the DMUs under consideration, the derived efficiency results do not suffer from this problem of functional form dependency. Examples of DEA applied to the analysis of police efficiency include, Thanassoulis (1995) , Drake and Simper (2000) for the UK, and Carrington et al (1997) for New South Wales.
For each DMU in turn, using x and y, to represent its particular observed inputs and outputs, pure technical efficiency is calculated by solving the following output based linear programme
Choose {θ,λ} to: min θ such that:
Hence, in (9) we assume a variable returns to scale reference technology and concentrate exclusively on technical efficiency, i.e., the efficiency of translating inputs into outputs at the given scale of production. Due to the difficulties in accurately measuring all input prices in public sector services such as the police force, this paper does not consider allocative efficiency.
III. The Data and Variable Descriptions
The availability of data at Basic Command Unit (BCU) level is a recent Home Office initiative, which many see as a forerunner to ranking the BCUs instead of the 43 police forces (see Drake and Simper (2001) ). The first data set published by the Home Office is utilised in this study and compares the six main crime categories to offences cleared (clear up rates -UK terminology) for a sample of 293 BCUs from 38
forces from 2001/02 (we have excluded the City of London and airports, the former due to the small size of the BCUs and the later due to the fact that airport BCUs have more diverse crime and management operations than normal BCUs). The variables that are published by the Home Office can be split into 6 inputs and 6 outputs in accordance with a 'pure' production approach of modelling police efficiency.
As discussed above the production approach in this study follows Thanassoulis (1995) , Diez-Ticio and Mancebon (2002) and Sun (2002 3 While it would be desirable to include the number of police officers as an input were the data available, it should be noted that the Police Funding Formula (PFF) is designed to ensure that police force BCUs are adequately resourced.
4 English and Welsh police forces are funded through a Police Funding Formula which takes account of demographic, geographic and sociographic factors in the allocation of monies to forces through a regression equation. That is, forces budgets are affected by whether they are inner-city, have high unemployment, high population density, etc., in their ability to reduce the level of crime within that area, see Home Office (1998). Figure 1 , for the SODF scores, and in Figure 2 for the PTE scores.
IV.
Results and Discussion
IV.i Technical Efficiency
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With respect to Figure 1, Hence, these are clear examples of forces where there would be considerable merit in making a detailed investigation into the operating procedures of their best and worst performing BCUs, with a view to raising the efficiency levels of the latter and thereby improving the performance of the police force overall.
INSERT FIGURE 3
Due to the well established pros and cons of the non-parametric technique, DEA, and the parametric stochastic frontier technique, the recent PSPP (2000) report advocated the joint use of these techniques in assessing the relative efficiency of police forces. In order to make the results as comparable as possible, we chose to utilize the stochastic distance frontier approach, as opposed to the stochastic cost frontier approach advocated in PSPP (2000), as it is the parametric analogue of DEA which is a non-parametric distance function technique. The contrast between the two sets of efficiency results, PTE and SODF, is illustrated in Figure 3 . While there is clearly a strong positive correlation between the two efficiency measures (rank correlation 0.536, significant at the 1% level), which provides some cross validation for the two approaches, there are also some outliers. It is clear, for example, that of the large number of BCUs ranked at 100 by DEA, the corresponding SODF scores range from 99.99 to 59.76 (see Appendix 1). Conversely, there are BCUs which are rated as highly efficient according to SODF, but exhibit a relatively low PTE score.
The Hounslow (Metropolitan), for example, has an SODF score of 97.17, but a PTE score of only 62.98. While such cases tend to be the exception, they suggest the need for further investigation in order to establish the causes of the differential efficiency scores. They also indicate the dangers in relying on one efficiency measurement technique in isolation.
IV.ii The Size Efficiency Relationship in Policing at the BCU level
It is potentially very informative to analyse the possible relationship between size and efficiency in policing at the BCU level. With respect to technical efficiency, this amounts to establishing, for example, whether larger BCUs tend to be more, or less, efficient than their smaller counterparts. As emphasized previously, we have applied a 'pure' production approach in which police force BCU efficiency is assessed in terms of their ability to translate recorded crimes into cleared-up crimes, without the specification of any economic inputs/costs such as labour, capital, etc.
Hence, a natural measure of BCU size in this context is the total number of recorded crime incidents, i.e., the summation of inputs X1 to X6. With this type of size specification, it is possible to hypothesise some alternative relationships between size and technical efficiency. One possibility is a form of "learning by doing effect" in which those BCUs which experience higher incidences of recorded crime become more adept at solving those crimes. This would suggest a positive correlation between size, as proxied by total recorded crimes, and technical efficiency.
Alternatively, one might hypothesise that there might be a "swamping effect" in which the sheer volume of crimes with which the BCUs have to deal has a detrimental effect on their ability to solve or clear-up these crimes. Clearly, this would imply a negative relationship between size and technical efficiency.
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In the interests of brevity we illustrate the size -DEA technical efficiency relationship in terms of the scatter plot in Figure 4 . Although there is clearly a concentration of the efficient units at the low to moderate crime levels (below 9000 incidents), this reflects the frequency distribution of total crimes across BCUs, rather than any underlying efficiency effect. Indeed, it is quite clear that there are a large number of technically efficient BCUs right across the size spectrum up to BCUs experiencing total crime incidents of almost 26000. Furthermore, it is clear from the scatter diagram that there is no apparent size-efficiency relationship, either positive or negative.
Although there is no apparent relationship between size and technical efficiency, it must be recognized that the latter scores are derived under the assumption of variable returns to scale. In other words this form of DEA efficiency analysis specifically allows for the possibility that there may be scale effects in respect of clearing-up crimes. Hence, in order to examine this type of size-efficiency relationship, i.e., the presence of either increasing or decreasing returns to scale, we must examine the DEA scale efficiency results. These are obtained by solving the linear programme (9) under the assumption of constant returns to scale (OE) rather than variable (PTE), i.e., without the constraint that Σλ i = 1. The ratio of the two sets of DEA efficiency measures then gives us a measure of scale efficiency: SE = OE / PTE. In order to establish the nature of the returns to scale, for those BCUs which are not scale efficient (SE < 100), we run the linear programme (9) once more under the constraint of non-increasing returns to scale. Any disparity between the two sets of technical efficiency scores indicates the presence of increasing returns to scale (IRS), while consistency between the results indicates decreasing returns to scale (DRS).
In the interests of brevity the full set of scale efficiency results are not presented (a full set of results are available from the authors on request).
Interestingly, however, out of a total of 293 BCUs, no less than 192 exhibited DRS, with 88 BCUs exhibiting constant returns to scale (CRS) and only 13 exhibiting IRS.
Furthermore, out of those 13 BCUs, the majority exhibited SE scores were close to 100, i.e. above 99.5, with only 2 recording SE scores below 98 (93.46, 96.45) . Hence, BCUs in England appear to be dominated by DRS in respect of clearing-up crimes, with very little evidence of IRS.
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The relationship between the DEA scale efficiency scores and size is illustrated in Figure 5 . Not surprisingly, given the predominance of BCUs exhibiting DRS, this indicates a very clear negative relationship between SE and size, as proxied by the total incidents of crime. The scale efficient BCU's are generally concentrated at total crime levels below 10000, with only one scale efficient BCU at crime levels above 10500. In contrast, the two forces with the largest incidences of crime, Lambeth With respect to possible explanations for the powerful negative relationship between SE and total crimes, and for the prevalence of DRS at the BCU level, the most likely explanation relates to the non-linearity of the relationship between the levels of crime and the resources required to fight those crimes. This problem has been increasingly recognized in recent years (see, for example, Houpis et al, (2001)) and has been exacerbated since 1995/96 by the introduction of the Police Funding Formula (PFF). In the key area of crime management, for example, the so-called workload factors such as personal crime incidents are related to a range of specific drivers such as unemployment rate, population density, owner occupation rate, etc.
The technique used to establish the relationship between these key drivers and the workload factors is typically a basic regression analysis. Hence, this approach assumes a linear relationship between these key drivers and crime incidents, but more crucially, as the regression analysis is used to generate workload factors, it also implicitly assumes a linear relationship between the incidents of crime and the workload (resources) required to deal with these crimes.
This problem has been highlighted by Houpis et al (2001) To the authors knowledge, this is one of the first pieces of research, using techniques such as DEA, to actually establish the presence of powerful non-linearities in the relationship between crime levels and crime offences cleared. Furthermore, in showing that there is no obvious relationship between technical efficiency and crime levels, we are able to show that we have identified a genuine scale effect in policing rather than a problem of lower efficiency levels in larger BCUs (defined in terms of total crime incidents).
While this is an interesting and important result in its own right, it also has important implications for the future. Specifically, the combination of non-linearity outlined above and the PFF suggests that BCUs and police forces characterized by relatively high levels of crime will become progressively more underfunded over time. This will inevitably reduce their ability to deal effectively with the levels of crime they face and may result in declines in technical efficiency over time in respect of clearing-up crimes. More worryingly, however, the socio-economic literature dating back to Becker (1968) suggests that criminals assess the probability of being caught prior to committing a crime. Hence, it is likely that any such decline in the efficiency of crime detection and solving is likely to lead to an increase in the actual incidents of crime with the possibility that criminals may elect to operate in areas (BCUs) where the probability of detection is perceived to be low.
6
V. Conclusion
This paper is the first to employ both a parametric frontier distance function and nonparametric distance function approach to assess the relative efficiency of BCUs in English police forces. The results reveal considerable divergence in efficiency levels, both across police forces as a whole, and across BCUs within the same force. This suggests considerable scope for the sharing of best practices across BCUs in the same police force, and also between the best and worst performing forces.
The strong positive rank correlation between the PTE and the SODF efficiency scores provides a good degree of cross-validation for the two alternative techniques and suggests that they are both credible relative efficiency measures in respect of the assessment of police force and BCU relative efficiency. The presence of a number of outliers, however, suggests that it would be unwise to rely exclusively on one of these techniques in isolation. These results echo the previous results obtained in Drake and Simper (2002) An important agenda for future research will be to analyse the presence of scale effects at both the police force level and the BCU level in order to provide further analysis of the resourcing requirements of police forces / BCUs and to cast some light on possible restructurings which could be undertaken at both police force and BCU level in order to enhance overall efficiency. 
